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SU4MARY

The.resultsofan investigationathighReynoldsnumbersandlow
Machnumbersto determinethemaximum-liftandstallingcharacteristics
ofanaspect-ratio-ktrapezoidalwingwith10-percent-thick,circular-. arcairfoilsectionsarepresentedinthispaper.Thetestsincluded
measurementsofthelift,thedrag,andthepitching-momentcoefficients

# ofthebasicwingandofthewingwith0.20-chorddroop-noseandrear
flapsdQflectedbothaloneandincombinationwithoneanother.Scale
effectswereinvestigatedatReynoldsnumbersrangingfrom3.27X 106to

7.67 X 106. In additiontotheforcemeasurements,thestallingcharac-
teristicsofthewingweredeterminedlymeansoftuftobservations.

Themaximumliftcoefficientofthebasicwingis0.63, anda value
of1.39wasobtainedforthewingwiththebestcombinationofdeflec-
tionsofthedroop-noseflapsandthefull-spanrearflaps.A droop-
nose-flapdeflectionof20°appearsoptimumformsximumliftwithrear
flapsbothneutralanddeflected60°. Thedragofthewingishigh
throughoutthemoderateandhighangle-of-attackrange.Deflectingthe
droop-noseflapsiseffectiveincausinganappreciablereductioninthe
dragthroughoutthemoderateandhighangle-of-attackrange.Ingeneral,
thepitching-momentcharacteristicsofthebasicwingandofthewing
withallcombinationsofflapdeflectionindicatea forwardlocationof
thecenterofpressurewithrespectto thequarterchordup toabout0.80
ofm=imumlift.Withfurtherincreasesinliftcoefficient,thecenter
ofpressureofthebasicwingandofthewingwithflapsdeflectedindi-
viduallymovesrearwardandlargemountsoflongitudinalstabilityare

●

lSupersedestherecentlydeclassifiedNACARM L7H19,“LangleyFull-
Scale-TunnelInvestigationoftheMaximumLiftandStallingCharacteristics

s ofa TrapezoidalWingofAspectRatio4 WithCircular-ArcAirfoilSections”
byRoyH. Lange,1947.
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Forthewingwiththeflapsdeflectedin ●

marginalstabilityisindicatedatthestall.
drag,andthepitch~ng-momentcoefficientsofthewingare
variationoftheReynoldsnumberintherangeinvestigated. *

INTRODUCTION

Thedevelopmentofairplanesthatwillflyinthetransonicand
supersonicspeedrangeshasfocusedincreasingattentionuponthecharac-
teristicsofwingshavingairfoilsectionswithsharpleadingedges.As
wouldbe expected,theanalysisoftwo-dimensionaldataatlargescale
andthree-dimensionaldataat smallscalehasindicatedthatthesewings
willhaveinherentlypoorcharacteristicsinthelandingandtake-off
attitudes.In ordertoprovidelarge-scalethree-dimensionaldataon
thecharacteristicsathighanglesofattackofwingshavingairfoil

. —

sectionswithsharp-leadingedges,an investigationwasconductedInthe
Langleyfull-scaletunnelathighReynoldsnmbersandlowMachnumbers
of severaltypicaltransonicandsupersonicwingplanformshaving
10-perce?t-thick,circular-arcairfoilsections.As a partofthisstudy,
an investigationhasbeenconductedona trapezoidalwingofaspect .

ratio4. Theplanformwasobtainedby cuttingtherearportionofthe
tipsfroma rectangularplanformatanangleof 30° to thestream
direction.(Seefig.1.) Thisconfigurationappearsinterestingfor

*

thecompletelysupersonicrangesincetheoreticalcalculationsindicate
that,forthewingata Machang~eof30°(orMachnumberof2),thewake
hasnoinfluenceon theliftingsurfaceandthedragcoefficientisno
greaterthanthatfortheairfoilsectionintwo-dimensionalflow. (See

—

refs.1 and2.)

TheinvestigationincludedmeasurementsathighReynoldsnumbers
andlowMachnumbersofthelift,thedrag,andthepitching-moment
coefficientsofthebasicwingandofthewingwiththe0.20-chord
droop-noseflapsandthe0.20-chordrearflapsdeflectedbothaloneand
incombinationwithoneanother.Thescaleeffectontheaerodynamic
characteristicswasdeterminedfora rangeofReynoldsnumbersfrom

3.27X 106to7.67 X 106. In additiontotheforcemeasurements,the
stallingcharacteristicsQfthewingforvariouscombinationsofflap
deflectionsweredeterminedby meansoftuftobservation@.

COEFFICIENTS

Thetestdataarepresentedas
andmoments.Thedataarereferred

ANDSYMBOLS

standardNACAcoefficientsofforces
tothewindaxes.
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liftcoefficient,Lift/qS

dragcoefficient,Drag/qS

pitching-momentcoefficientshoutthequarterchord,‘*
qsc

angleofattack,deg

free-streamdynamicpressure,lb/sqft

pitchingmomentaboutquarterchord;positivewhenittends
to increasetheangleofattack,ft-lb

wingarea,232.0

wingchord,9.23

Reynoldsnumber,

Sqft

ft

pvc/p

free-streamvelocity,fps

massdensityofair,slugs/cuft

coefficientofviscosity,slugs/ftsec

droop-nose-flapdeflection,

rear-flapdeflection,deg

msximumliftcoefficient

angleofattackformaximum

deg

lift,deg

.

MODEL

Thegeometriccharacteristicsofthewingandthearrangementofthe
high-liftdevicesaregiveninfigures1 and2. Photographs-ofthewing
mountedon theLangleyfull-scale-tunnelbalancesupportsaregivenin
figures3 and4. Thewinghasa symmetricalcircular-arcsection10per-
centthick,theordinatesofwhichmaybe foundinreference3. The
wedge-shapetipsemployedon thewingareconsidereda possiblesuper-
sonictipconfiguration.Thewing’hasno geometricdihedralor twist.
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Thewingconstructionconsistedofa simpleframeworkof~-1 inch

steelchannelsparscoveredwitha ~-inchskinofaluminumsheetrolled
4

tothecorrectairfoilcontour.Thewingsurfaceswereabouttheequiva-
lentinroughnesstoconventionalthinduralsheetconstructionwith
dimpledskinandunfilledflushrivets.Thewingconstructionwas
extremelyrigidandno deflectionsof anappreciablemagnitudeoccurred
duringthetests.Thewingwasprovidedwith0.20cdroop-noseandrear
flapspivotedonpianohingesmountedflushwiththelowerwingsurface.
Theflapconfigurationsinvestigatedwerefull-spandroop-noseflapsand
rearflapswhichwerefull-spanand45percentofthewingtrailing-edge
span.Thewingwasdesignedsothatrearflapdeflectionsup to60°and
droop-nosedeflectionsup to @o couldheobtained.Forthetestswith
thedroop-noseorrearflapsdeflected,theflapgapon theupperwing
surfacewassealedwitha fairedcoverplate.

.* ._

—

—

TESTS

Allthetestsweremadethroughan
about-2°throughthestall.Thetests

6of about4.76x 10 exceptwherenoted.
&ragzandthepitchingmomentweremade

.
angle-of-attackrangefrom
weremadeata Reynoldsnumber

Measurementsofthelift,the ,

at incrementsofangleofattack
of2° exceptnearmaximumliftwheretheincrementswerelo: Inorder
todeterminethescaleeffectontheaerodynmniccharacteristicsofthe
basicwing,testsweremadeatvarioustunnelairspeedstogivea Reynolds.
numberrangefrom3.27X 106to 7’.67 x 106. ThehighestMachnumber
obtainedinthesetestswas0.13,correspondingtoa Reynoldsnumberof
7.67X 106.

Inordertodeterminetheeffectsofflapdeflectionontheaero-
dynamiccharacteristicsofthe wing,testsweremade.withthedroop-nose
flapandwiththerearflapsdeflectedaloneandincombinationwithone
another.Testsweremadewiththerearflapsdeflectedin15°increments
of bf up to60°andwiththedroop-noseflapsdeflectedin10°incre-
mentsof bn up to40°. In addition,testsweremadewiththedroop-
noseflapsdeflected36°inasmuchas two-dimensionaltests(ref.3)indi-
catedthissettingtobe oytimumformaximumlift.Forthetestswith
thedroop-noseflapsandrearflapsdeflectedsimultaneously,therear
flapsweredeflected60°andthedroop-nose-flapdeflectionwasvaried
from0° to 40°.

Thestallingcharacteristicsweredeterminedby observingtheaction
ofwooltuftsattachedtotheupperwingsurface.Thesetuftstudies

—

E .—

8
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madeof thebasicwingandofthewingwiththedroop-noseflapsand
flapsdeflectedbn = 360, ~f=( @“)-aloneandin c-&bi~tion
oneanother.

RESULTSANDDISCUSSION

Theresultshavebeencorrectedforthestreqmalinement,the
blockingeffects,thejet-boundaryeffects,andthetarescausedby
wingsupports.

Thediscussionofthetestresultshasbeengroupedintothree

the

main
sections.Thefirstsectionpresentsresultsshfiingthescaleeffect
on theaerodynamiccharacteristicsof thebasicwingwithflapsneutral.
(Seefig.5.) Thesecondsectiongivestheresultsshowingtheeffect
on theaerodynamiccharacteristicsof deflectingtherearanddroop-nose
flapsindividually(figs.6 and7,respectively).Forconvenience,sU-
marycurvesoftheeffectoftheflapsonthemaximumliftcoefficient
andangleofattackformaximumliftarepresentedinfi~e 8. The

0 thirdsectiongivestheresultsoftestsmadewiththedroop-noseflaps
andrearflapsdeflectedsimultaneously.(Seefig.9.) Thestalling
characteristicsof the’wingwiththeflapsneutralanddeflectedare

●

showninfigure10andarediscussedineachof themainsectionsof the
resultsanddiscussion.Thepower-offlanding-ayproachspeedcharac-
teristicsof thewingsregiveninfigure11 inthefoimoflinesfor
bothconstantglidingandsinkingspeeds-fora wingloadingof @ pounds
persquarefootsuperimposedon thelift-dragpolarsof severalwing-flap
configurations.

Characteristicsof

Forcemeasurements.-As shownin
coefficientofthebasicwingis0.63.Thisvalueofmaximumliftcoef-

theBasicWing

figure5(a),themaximumlift

ficientisslightlylowerthanthevalueof0.67obtainedintwo-
dimensionaltestsoftheairfoilsection(ref.3). Theinfluenceofthe
lowaspectratiocanbe seenintheshapeoftheliftcurveswhichare
nonlinearandhavewell-roundedpeaks.Thelift-curveslope(measured
at CL = 0.2 toavoidtheslightdiscontinuityat lowerliftcoeffi-
cients)is0.057.Calculationsbasedon thelift-curveslopeofO.0~
oltainedintwo-dimensionalflowindicatethatthevalueof0.057obtained
fromthetestsofthewingisaboutwhatwouldbe expectedwhentheasuect
ratioisconsidered.

m
Thevariationof the

cientindicatesa forward
.

pitching-moment
locationof the

—

coefficientwithliftcoeffi-
centerofpressurewithrespect

9
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0“mp 0“80cLmaJafter ‘hich ‘he ‘
increaseinliftcoefficient

showinglargeamountsofstabilitythroughthestall.(Seefig.5(b).) F

Thedragcoefficientofthewingishighatthemoderateandhighangles ‘
ofattackas comparedwiththedragofwingswithconventional,round-”
noseairfoilsections. —

Theresultsoffigure5 showno appreciablescaleeffectonthe
aerodynamiccharacteristicsofthewingthroughtherangeofReynolds.
numbersfrom3.27x 106to7.67 x 106becauseof theeffectoftheshary
leadingedgewhich-fixesthepointof initiallocalseparation.This
localseparationisfurtherdiscussedinthefollowingsectionon stal- ~
lingcharacteristics.

Stallingcharacteristics.-Tuftstudiesofthebasicwingatthe
leadingedgeofthewingcentersection(fig.10(a))showearlysepara-
tionwhich~preadsrapidlytowardthetipsup toanangleOfattackof.
about7°. At thisangleofattacktheflow”overthewingresemblesthe
flowovertheairfoilsectionintwo-dimensionalflowwherea bubbleof
separationat thenoseoftheairfoilfoll@”edby smoothflowhasbeen .-@
observedat lowanglesof attack.Withfurtherincreasesintheangle
ofattackthewingexhibitstheusualflowcharacteristicsofa rectangu-
larwinginasmuchasthecentersectionstallsfirstandthenthestalled a
areaspreadstowardthetips.Thisstall”progressionresultsfromthe
highereffectiveangleofattackoftherootsectionscausedbythe
inducedflow.

EffectofFlapDeflection

Rearflaps.-Maximumliftcoefficientsof0.94and1.16,respec-
tively,wereobtainedforthewingwithpartial-spanandfull-spanrear

_r

flapsdeflected60°. Thesevaluesare0.31,and0.53higherthanthat
obtainedforthebasicwing. (Seefigs.6 and8.)“Approximatecalcula-
tionsweremadebyuseofthemethodsofreference4 andthetwo-
dimensionalsectiondataofreference3 inordertodeterminetheincre-
mentsinliftcoefficientduetorearflapdeflection.Thecalculated_.
andmeasuredvalueswereinfairagreement;.thus,itwasindicatedthat

7.

thesharp-leading-~dgewingrespondstothe__simplehigh-liftdevicesin
a mannersimilartothatofconventionalwings.Thepitching-moment
curvesindicatetheusualchangeintrimwithflapdeflectionand,as

—

comparedwiththebasicwing,thereisno appreciablechangeinthe
longitudinalstability.Tuft-studiesofthewingwiththefull-span
rearflapsdeflected600(fig.10(b))showtheearlyleading-edgestal-
lingandothercharacteristicsthatweretypicalofthebasicwing.

.-
● -.-

. .
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. Theevaluationoftheusableliftcoefficientsofthewingin.terms
ofpower-offlanding-approachcharacteristicsismadepossibleby useof
figure1.1.Theincreaseinliftduetorearhflapdeflectionisshown

< heretobe offsetinpartby a largeincreaseindragwiththeresult.
thattheglidingandsirikingspeedsconsiderablyexceededtinecriterion
setforthinreference5 of a sinkin”gspeednotexceeding25 feetper
secondat about0.85c~x0

Droop-noseflaps..Themaximumliftcoef~icientof thewingwith
thedroop-noseflapsdeflected20°was0.95. (Seefig.7.) Thismsxi-
mumliftcoefficientwasobtainedby delayingthestallingtohigher
anglesofattackas comparedwiththebasicwing. Fromfigure8 it
appearsthatthisdroop-nose-flapdeflectionis optimumformaximum
lift.Theincreasesinmaximumliftcoefficientandangleof attackfor
maximumliftwiththedroop-noseflapsdeflectedarecausedprimarilyby
theimprovedflowconditionsat theleadingedgewhentheleadingedge
ismorenearlyalinedwiththeairstreamatnoderateandhighanglesof
attack.Thisalinementof theleadingedgetendsto alleviatethenega-
tivepressurepeaksthatcauseleading-edgeseparation.Theabsenceof
leading-edgeseparationis indicatedinthetuftstudiesofthewing
withthedroop-noseflapsdeflected.(Seefig.1O(C).) Theinitialx
separationhasbeendelayedtohigheranglesofattackandmovedbackto
theregionof thehingelineof theflap.

●

Deflectingthedroop-noseflapscausedanappreciablereductionin
thedragof thewingatmoderateandhighanglesofattack.The20°
deflectionshowsthelowestdrag;therefore,thisdeflectionisabout
optimumbothformaximumliftandlowdraginthemoderateangle-of-
attackrange.Thebeneficialeffectofdroop-nose-flapdeflectionon
thedragresultsinlowersinkingspeedsas showninfigure11. At
0.85c%X a glidingspeedof138milesperhourisobtainedfora
sinkingspeedof25 feetpersecond.It shouldberealizedthatthe
dragsplottedinfigure11areforthewingaloneandthesinkhgspeeds
ofthecompleteairplanewouldbe somewhatgreater.Powercouldbeused
forthelandingapproachandlandingconditionsto offsetthehighdrags
showninfigure11,butthispracticewouldleadto dangerousconditions
foremergencylandingswithpoweroff.

Thepitching-momentcurves(fig.7) showno significantchangein
thelongitudinalstabilityof thewingas comparedwiththebasicwing.
A smallerchangeintrimduetodroop-nose-flapdeflectionisnotedthan
wasmeasuredwiththerearflapsdeflected.

CombinedDeflectionsofFlaps
9

In general,theeffectsofdroop-nose-flapdeflectionon theaero-
dynamiccharacteristicsofthewingwithrearflapsdeflectedwerethe

●
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sameaswerenotedinthetestsofthewingwiththedroo~-noseflaps
deflectedalone.Peakvaluesofmaximumliftcoefficientof 1.20and1.39
wereobtainedfor bn= 20° withpartial-spanandfull-spanrear.flaps
deflected@o, respectively.(Seefigs.9(a)and9(h).)Thesevalues
are0.27and0.23,“respectively,higherthan.thevaluesobtainedwith
therearflapsdeflectedalone.Thesharpbreakintheliftcurvesat
thestallisincontrasttothewell-roundedpeaksobtainedforthebasic
wingandthewingwiththedroop-noseandrearflapsdeflectedindivi-
dually.As wasthecofiditionwiththedroop-noseflapsdeflectedalone,
adroop-nose-flapdeflectionof20°appears-optimumforbothmaximum
liftandlowdrag.Thestallingcharacteristicsof thewingwith bn=“360
and bf = &)” (fig.10(d))showinitialseparationintheregionofthe
hingelineofthedroop-noseflaps,whichwasnotedinthetuftstudies
ofthewingwiththedroop-n~seflapsdeflectedalone(fig.1O(C)).

TheVariationsofthepitching-moment-coefficientcurveswithlift
coefficientshowno significantchangeas comparedwiththecurvesfor
thewingwiththedroop-noseflapsdeflected”aloneexceptthatthe
longitudinalstabilityatthestallismarginal.Withfull-spanTear
flapsdeflected(fig.9(b))thereisanunstablebreakatthestallas
comparedwithpartial-spanrearflapsdeflected(fig.9(a)).Thiscondi-
tionisnotconsideredseriousbecauseofthegradualprogressofthe
breakwithangleofattackandthesmallmagnitudeofthechangein
pitchingmomentsinvolved.

Althoughtheglidingspeedsshowninfigure11arethelowest
obtainable,thesinkingspeedsareincreased.considerablyby deflection
oftherearflapsascomparedwiththoseobtainedforthewingwith
droop-noseflapsdeflected.

SUMMARYOFRESULTS

Theresultsofan investigationathigl--Reynoldsnumbersandlow
MachnumbersintheLangleyfull-scaletunnelofthemaximwn-liftand
stallingcharacteristicsofana~pect-ratio-~trapezoidalwingwith
circular-arcairfoilsectionsaresummarizedasfollows:

1.Themaximumliftcoefficientof”thebasicwingis0.63.A maxi-
mumliftcoefficientof 1.39wasobtainedwiththebestcombinationof
deflections’ofthedroop-noseflapsand-thefull-sphnrearflaps.

2.A
liftwith

droop-nose-flapdeflectionof20°appears
therearflapsbothneutralanddeflected

oytimumformaximum
60°.

--

1-

;

..-

—

F
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. 3. Thedragofthewingishighthro~houtthemoderateandhigh
angle-of-attackrange.Deflectingthedroop-noseflapsiseffectivein
causinganappreciablereductioninthedragthroughoutthemoderateand

, highangle-of-attackrange.

4.In general,thepitching-momentcharacteristicsofthebasic
wingandofthewingwithallcombinationsofflapsindicatea forward
locationofthecenterofpressurewithrespectto thequarterchordup
toabout0.80ofmaximumliftcoefficient.Withfurtherincreasesin
liftcoefficient,thecenterofpressureofthebasicwingandof the
wingwithflapsdeflectedindividuallymovesrearwardandlargeamounts
of longitudinalstabilityareindicatedthroughthestall.Forthewing
withtheflapsdeflectedin combinationwithoneanother,marginalsta-
bilityis indicatedatthestallwithanunstablebreakat thestall
beingmeasuredforthefull-spanflaps.

5. Thelift,thedrag,andthepitching-momentcoefficientsof the
wingareunaffectedby thevariationofReynoldsnumberintherange
from3.27x 106to7.67x 106.

. LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,August27,1947.“
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Figure 3.- Three-quarter rear view of wing mounted in the Mngley full-
scale tunnel. Elf= 00; ~ = 00.
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Figure 4.-

Partial-spanrearflapsd.eflected 60°.

General view of wing with fkps &f lected.
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(b) Full-span flaps deflected and droop-nose
flaps deflected. 6f = 60°; Gn = 36°.

Figure 4.- Concluded.
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